Lithium micro batteries are emerging field of research. For environmental safety biodegradable films are preferred. Recently biodegradable polymers have gained wide application in the field of solid polymer electrolytes. To make biodegradable polymers films plasticizers are usually used. However, use of plasticizers has disadvantages such as inhomogenities in phases and mechanical instability that will affect the performance of Lithium micro batteries. We have in this research used gold nanoparticles that are environmentally friendly, instead of plasticizers. Gold nanoparticles were directly template upon chitosan membranes by reduction process so as to enhance the interactions of Lithium with the polymer. In this article, for the first time the characteristics of Chitosan-goldLithium nanocomposite films are investigated. The films were prepared using simple solution casting technique. We have used various characterization tools such as Small Angle Neutron Scattering (SANS), XRD, FTIR, Raman, FESEM, and AFM, Light scattering, Dielectric and electrical conductivity measurements. Our investigations show that incorporation of gold results in enhancement of conductivity in Lithium containing Chitosan films. Also it affects the dielectric characteristics of the films. We conclude through various characterization tools that the enhancement in the conductivity was due to the retardation of crystal growth of lithium salt in the presence of gold nanoparticles. A model is proposed regarding the formation of the new nanocomposite. The conductivity of these biodegradable films is comparable to those of the current inorganic Lithium micro batteries. This new chitosan-Au-Li nanocomposite has potential applications in the field of Lithium micro batteries.
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INTRODUCTION
Solid state polymer batteries have gained enormous interest due to its compactness and reliability without leakage. Uses of biodegradable polymers for solid state batteries that are friendly to the environment have gained lot of scientific interest recently. Over last few decades, steps have been taken to increase the ionic conductivity of the polymers. 1 2 The fascinating properties of nanostructure materials and their functions related to size effect incur them in many applications and have been of great scientific interest in recent times. The challenging task in modern material science involves the preparation of nanocomposites for biological and environmental applications. 3 4 * Author to whom correspondence should be addressed.
Metallic nanoparticles especially noble metals are of importance due to their unique optical, electrical and electrochemical properties. 5 Particularly, gold nanoparticles have been used because of its chemical stability, non-toxic nature, biocompatibility and capability to transfer more electrons. 6 Due to its unique properties gold nanoparticles has been used for making materials that are environmentally friendly and it has been greatly used in areas of biomedical and electro analysis. 7 Chitosan is natural polysaccharide that is obtained from the cuticle of the marine crustaceans such as crabs and shrimps. It is a naturally occurring organic polymer ( 1, 4) 2-amino-2-deoxy-d-glucopyranose) which is derived from the deacetylation of chitin 8 ( Fig. 1) . Chitosan has been useful in the development of composites due to its functional groups. It includes biodegradable, biocompatible and non toxic polymer. 9 10 Chitosan has been used in various applications such as drug delivery system and in biomedical applications, 11 12 solid polymer electrolytes, 13 surfactant, 14 and membranes for chemical and biosensors. 15 16 Previously, studies have shown that chitosan can be used as a polymer matrix for ionic conduction. Also it is reported that the nitrogen and oxygen atoms of chitosan has a lone pair of electron, which allows the formation of complexes. Usually plasticizers are added to make the polymer films for enhancement of conductivity. Lithium Ion batteries have gained lot of scientific attention recently.
The maximum ionic conductivity of 1 1 × 10 −4 S/cm for LiClO 4 doped chitosan plasticized using polyethylene glycol was reported by Sudhakar et al. 17 In the presence of plasticizers the incorporation of lithium salt to the chitosan matrix allows the salt to dissolve and more mobile species are formed. 18 But the plasticized films have adverse effect such as poor mechanical stability and reduce the glass transition temperature. 19 20 Also, generally plasticizers lead to phase separations due to partial miscibility of the polymer and the plasticizers (like starch plasticized with glycerol). 21 Phase separated regions might extend to microns thereby limiting usage of membranes for micro devices. These problems will cause major limitations in the advancement in the field of micro batteries. Lithium micro batteries is an emerging field of research that relies in making thin films electrolytes for solid state batteries. 22 Conductivities in the range of 10 −5 -10 −7 S/cm has been achieved using inorganic materials such as phosphates NASICON-structured LiTi 2 (PO 4 3 or Li-P-O, amorphous borates (xLi 2 O-B 2 O 3 ) or silicates (Li 2 O-V 2 O 5 -SiO 2 ). [23] [24] [25] [26] [27] In order to use bio materials like chitosan for Lithium micro batteries the potential problems due to phase separation and mechanical instability have to be overcome. We intend to overcome this problem by using nanoparticles and by avoiding usage of plasticizers (that can cause inhomogenities in phases due immiscibility and mechanical instability). We have specifically chosen gold as it is environmentally friendly. We hypothesize that chitosan membrane templated with gold nanoparticles might enhance the electrical conductivity and also modify the dielectric characteristics of the chitosan membrane. This in turn may increase the transport of lithium ions. To test our hypothesize, in this research the chitosan-gold-lithium (chitosan-Au-Li) nanocomposites were studied using various techniques that include optical, SANS, XRD, FTIR, Raman, FESEM, AFM, light scattering and dielectric measurements.
EXPERIMENTAL PROCEDURES

Reagents
Chitosan powder and acetic acid (99.9% purity) were purchased from SRL Pvt. Ltd, Mumbai, India. Lithium percholarte (LiClO 4 anhydrous (99% purity) was purchased from Alfa Aesa-A Johnson Matthey Company, USA. Choloauric acid powder (HAuCl 4 · 3H 2 O) with 49% Au was purchased from CDH Company Pvt. Ltd, India. Double distilled water was used throughout the synthesis process.
Preparation of Chitosan Solution
In this work, 1% (w/v) of chitosan powder (i.e.,) 2 g/200 ml of chitosan and 1.5% (w/v) of acetic acid (i.e.,) 3 g/200 ml were dissolved in 200 ml of double distilled water. The solution was stirred using magnetic stirrer and heated at 60 C temperature for 30-45 min until the chitosan powder was completely dissolved and a semitransparent thick chitosan solution was obtained. Films were prepared by solution casting on a glass Petri disc and dried by evaporation at room temperature.
Preparation of Chitosan-Au Nanocomposites
To 100 ml of chitosan solution, appropriate amount of HAuCl 4 · 3H 2 O was added to have a final concentration of 1 mM Au solution. The solution was stirred and heated at 80 C for 30 min. During heating process, the color of the solution changed from transparent to wine red color. This confirms the formation of gold nanoparticles. 28 Here as no reducing agents were used; this indicates that gold nanoparticles had formed upon chitosan. A part (50 ml) of this solution was poured on a glass Petri disc and dried at room temperature in order to obtain chitosan-Au nanocomposites membrane.
Preparation of Chitosan-Au-Li Nanocomposites
To the above chitosan-Au solution, appropriate amount of LiClO 4 salt was added to have a final concentration of 0.5% (w/v). This implies that the membrane has chitosan and LiClO 4 in the ratio 100:50. This nanocomposites containing lithium in chitosan membrane will hence be denoted as chitosan-1 mM Au-50% LiClO 4 . Membranes containing LiClO 4 (without gold) were also prepared using the same procedure. Also, various concentration of LiClO 4 salt (10, 20, 30 , and 40% by weight of chitosan) solution was prepared and films were obtained. The typical thickness of the nanocomposite films were ∼ 100 m.
CHARACTERIZATION
SANS
The SANS (Small angle neutron scattering) measurement was performed on the SANS instrument at the guide tube laboratory, Dhruva reactor, BARC, India to determine the size of the gold nanoparticles. A polycrystalline BeO filter was used as a monochromator in the diffractometer with the incident neutron beam wavelength as 5.2 Å. The angular distribution of the scattered neutron was recorded using 1 m long He 3 position sensitive detector. The data were recorded in the accessible Q range of 0.017-0.35 Å −1 . The sample cross-section was 2.5 cm × 1.2 cm and thickness was 1 mm. The measured SANS data were corrected for the background, the empty cell contribution and solvent contribution were normalized using standard procedure.
Structural Studies
The XRD studies were recorded using Bruker D8 X-ray diffractometer at scanning rate of 0.2/min with 2 ranging from 10 to 80 , using wavelength of Cu K radiation ( = 0 15405 nm). The morphology was studied by using SUPRA 55 FESEM/ EDX, Carl Zeiss, Germany. The electron gun was operates at 30 kV. The instrumental resolution was 1.4 nm at 15 kV. The Surface of the films was studied using XE-70 Parker system AFM. The light scattering measurements were carried out using Malvern Zetasizer version 6.20.
Raman and FTIR Studies
Raman spectra was obtained using Raman spectrophotometer (Model Aspire 785 L) with a diode laser source of Laser wavelength 785 nm in 150-1,800 cm −1 range at room temperature. Fourier transform Infrared spectroscopy (FTIR) was carried out using Perkin Elmer Spectrum One FT-IR spectrometer. The spectral resolution was 4 cm −1 . The sample was grinded with potassium bromide and analyzed in the range 400-4000 cm −1 .
Dielectric and Conductivity Studies
The dielectric and conductivity measurements for the films were obtained using the Broadband dielectric spectrometer (BDS)-Novo control technology (Germany) Concept 80 at 1 V AC signal. The frequency range was from 0.1 Hz to 1 MHz the measurements were made at room temperature (30 C). The samples were placed between two gold electrodes for measurements.
RESULTS AND DISCUSSION
The results and discussions for various studies such as optical, XRD, FTIR, Raman, FESEM, AFM, Light scattering and Dielectric are discussed below. Figure 2 shows the optical images of chitosan-Au nanocomposites. It is observed that the color of the chitosan film ( Fig. 2(A) ) is found to be pale yellow (nearly transparent) where as the color of the chitosan film with 50% LiClO 4 ( Fig. 2(B) ) is yellowish. The color of chitosan-1 mM Au ( Fig. 2(C) ) and chitosan-1 mM Au-50% LiClO 4 films ( Fig. 2(D) ) are red wine in color. From optical images in transmission mode it is observed that in chitosan films ( Fig. 2(E) ) is not uniform in intensity and the same is in the case of chitosan-50% LiClO 4 film ( Fig. 2(F) ). However, chitosan-1 mM Au film was uniform in color ( Fig. 2(G) ). The same was observed with chitosan-1 mM Au-50% LiClO 4 film. The darker color of lithium included chitosan film ( Fig. 2(B) ) when compared to only chitosan film ( Fig. 2(A) ) indicate that chitosanlithium complexes could have formed. The wine red color in chitosan-1 mM Au film is because of gold nanoparticles formation. 28 These gold nanoparticles are formed because of reduction of gold on chitosan in the presence of acetic acid. Typically the chitosan film thickness was 100 micron and with increases in concentration of lithium salt, the thickness was found to increase. When the lithium concentration increased to 50% (of weight of chitosan) the thickness was increased by 30% (from 100-130 micron). Figure 3 shows that the films containing lithium are more flexible than those that do not have lithium. The flexibility increases with lithium salt concentration. These results indicate the lithium salt has a plasticizing effect on chitosan. Chitosan film with lithium had more crystallites than those in chitosan films with 1 mM Au with the same amount of lithium. This indicates that lithium dissolves more in chitosan solution containing gold nanoparticles.
Optical Studies
SANS Analysis
In this technique, the scattering as a function of wave vector transfer Q Q = 4 sin / is measured, where is the wavelength of the incident neutron and 2 is the scattering angle. For a nanoparticles system, d /d can be written as
where n p denotes the number density of nanoparticles, p and s are scattering length densities of nanoparticles and solvent respectively and V p is the volume of the nanoparticles, P Q is intra-particle form factor and S Q is interparticle structure factor and it is unity for dilute solutions, B is the constant due to incoherent scattering. The scattering cross section shows a significant change at low Q values between chitosan-1 mM Au film and chitosan film (Fig. 4) . The fitting was carried out using SASfit software. The data fits well by considering simple sphere particle model for Chitosan-Au film. The mean size of the gold nanoparticles was found to be 4 2 ± 0 1 nm with poly-dispersity value of 0.45. This also confirms to the gold nanoparticles templating on the chitosan matrix. The radius of gyration for chitosan was found to be 6 0 ± 0 5 nm by fitting a model of Gaussian polymer.
XRD Analysis
The XRD pattern (Fig. 5 ) for chitosan powder (A) shows the prominent peak with 2 angle at approximately 19 and less intense broad peak of 2 angles at 13.5 , 30 and 42 . Chitosan film (B) shows sharp and less intense peak with 2 angle at 11.5 . It also shows broad peak with 2 angles at 18.2 , 30 and 42 . Previously it has been shown that chitosan films made with 0.5 M/L of acetic acid and 10 g/L of chitosan has peaks of 2 angles at 11.5 and 18.2 respectively. 29 The first peak of 2 angle at 11.5 is related to crystal (1) having unit cell of a = 7 76 Å, b = 10 91 Å, c = 10 38 Å and = 90 and the second peak of 2 angle at 18.2 is related to crystal (2) is a = 4 4 Å, b = 10 Å, c = 10 3 Å and = 90 . The unit cell of crystals is larger than that of crystal (2), also the intensities of 2 angle at 18.2 was nearly the same as that of 11.5 . 30 For our samples the concentration of acetic acid is 0.25 M/L. The intensity for 2 angle at 11.5 was found to be less than that of 2 angle at 18.5 . We attribute the reduction in the intensity of peak with 2 angle at 11.5 Chitosan-50% LiClO 4 film (C) did not show any peak at 11.5 or 18.2 . But it shows broad peaks with 2 angles at 20 , 30 and 41 . The peak positions were same as that of chitosan powder and they were broad. The absence of peaks with 2 angles at 11.5 and 18.2 indicate that the formation of crystals due to acetic acid has been suppressed due to incorporation of lithium, thereby reducing the interaction of acetic acid with chitosan. The suppression of interaction between acetic acid and chitosan by lithium should be the reason for the membranes containing lithium to be more flexible than those of without lithium. XRD for chitosan-1 mM Au film (D) shows prominent peaks of 2 angles at 37 and 43 and less intense peaks of 2 angles at 66 and 77 . These peaks indicate the presence of gold nanoparticles. The crystal structure of the gold nanoparticles was found to be FCC (JCPDS NO 04-0784) and the size was calculated using Scherer formula as ∼ 6 nm. 28 The broad peaks of 2 angles at 21 and 29 were also present. The sharp peak of 2 angle at 11.5 was not observed indicating that HAuCl 4 could have interacted with acetic acid.
Chitosan-1 mM Au-50% LiClO 4 film (E) shows sharp peaks of 2 angle at 37 and broad peaks of 2 angles at 66 and 77 (indicating gold nanoparticles) and also a broad peaks of 2 angle at 30 was observed similar to that of chitosan powder. Interestingly a broad peak was observed at roughly 14 of 2 angle. Also the intensity of the peak at 14 was found to be highest. This broad peak is probably because of induced morphological changes due to the interaction between lithium, gold and chitosan.
FTIR Spectroscopy
FTIR spectroscopy is used to analyze and identify the functional groups and their modifications. FTIR spectra (Fig. 6) for the samples in the region 400-4000 cm −1 were carried out. In this spectrum, broad band in the region 3200-3500 cm −1 is due to the H-bonded N H and O H stretching vibration. 31 The absorbance peak at 2920 cm −1 is due to C H-stretching vibrations. 31 The spectra for chitosan-1 mM Au nanocomposites (Fig. 6(D) ) shows an intense and broad band at 2500-3600 cm −1 . The absorbance peak for chitosan powder at 3473 cm −1 was shifted to 3608 cm −1 in chitosan-1 mM Au nanocomposites. Also no absorbance peak was observed at 2920 cm −1 . This shows that the N H and O H stretching vibrations was affected due to formation of gold nanoparticles. Hence, this indicates that the gold nanoparticles were attached to the chitosan. chitosan powder is shifted to 1431 cm −1 due to acetic acid in the films. Chitosan-50% LiClO 4 film also shows a peak at 1431 cm −1 . This indicates that lithium does not affect the effect of acetic acid in the amide III group. For chitosan-1 mM Au-50% LiClO 4 and chitosan-1 mM Au films, the amide III band disappears. These results indicate that the lithium and gold nanoparticles does not have the same effect on the different amide groups. The peak for C O stretching for saccharide was assigned at 1086 cm −1 for chitosan powder. This peak for chitosan film was shifted to 1095 cm −1 . However this peak was found to be absent for chitosan-1 mM Au and chitosan-1 mM Au-50% LiClO 4 films. Over all the absorbance of chitosan-1 mM Au film are more than the chitosan-50% LiClO 4 and chitosan-1 mM Au-50% LiClO 4 films. This implies that the lesser absorbance of chitosan-1 mM Au-50% LiClO 4 film, when compared to chitosan-1 mM Au film was due to the interaction between the gold and lithium. Since several peaks are absent in the case of chitosan-1 mM Au film. This implies that the interaction of gold with the chitosan membrane (chitosan with acetic acid) during its formation is greater than that of interaction of LiClO 4 with the membrane.
Raman Spectroscopy
The Raman peaks associated with chitosan are (i) the C C stretching region (1050-1200 cm . 32 Raman spectra for our samples are shown in Figure 7 . For chitosan powder (Fig. 7(A) ) prominent peaks were observed at 325, 409, 1255, 1338, 1540 and 1650 cm −1 . Broad peak observed at 1338 cm −1 is associated with C NH bending and the weak peak at 1541 cm −1 is due to amide II. The amide I peak at 1650 cm −1 is weaker than the amide II peak. For chitosan film, peaks are observed similar to that of chitosan powder. However the amide I peak and amide III peak are absent. This indicates that acetic acid affects the amide I and amide III group. Chitosan-50% LiClO 4 film shows peak at 639, 1347 and 1540 cm −1 with reduced intensities. For chitosan-1 mM Au film and chitosan-1 mM Au-50% LiClO 4 film, the spectra is nearly flat and no peaks are observed. This also indicates that the films are amorphous in nature. These results show that the amide regions are affected due to the formation of gold nanoparticles and that gold interacts more strongly with chitosan membrane than LiClO 4 .
SEM
For further investigating the micro-structure of the nanocomposite films, FESEM was used. Figure 8(A) shows the FESEM images for chitosan film. It is observed that the film is not completely smooth. Figure 8(B) shows the higher magnification for the same sample. Aggregates of sizes ∼ 50 nm were observed. This could be undissolved chitosan. Figures 8(C) and (D) shows FESEM images for chitosan-1 mM Au film. Figure 8(C) shows that the membrane is not smooth and has several micron sized regions on it. Figure 8(D) shows high resolution for the same sample. Several pores like structures (dark region) are observed and there were several tiny nanoparticles (white dots). These nanoparticles are homogeneously dispersed in it. The inset in Figure 8(D) shows the nanoparticles clearly. The size of the nanoparticles is ∼ 7 35 ± 1 6 nm. For chitosan-1 mM Au film, the EDAX spectra shows the presence of gold. Figure 8 (E) shows FESEM image for chitosan-Au-Li films. At some regions the morphology was completely different from that of chitosan films and chitosan with gold. It is observed that the film appeared folded. Figure 8(F) shows high resolution FESEM images for chitosan-1 mM Au-50% LiClO 4 film. Several regions were found to have fibrous networks containing gold nanoparticles. There were also voids. Hence the membrane could be porous. The diameter of the voids was ∼ 100 nm. Interestingly, the EDAX spectra for chitosan-1 mM Au-50% LiClO 4 film did not show the presence of Au in the film though chitosan-1 mM Au film showed presence of gold in the EDAX spectra. This indicates that there is not enough X-ray signal reaching the EDAX detector from the particles as they are buried deeper in the matrix. Almost all the gold nanoparticles are found to be attached to the strands, implying that the gold nanoparticles did not detach from the membrane. We hypothesize that the formation of strands is because of folding of the polymers at some regions leading to formation of strands and thereby creating voids. As a result of which the sample has several interconnected fibers. We also hypothesize that the presence of gold could affect conductivity of lithium ions in the membrane.
In the Chitosan-50% LiClO 4 film, lithium salt crystals of ∼ 100 micron size were observed under optical microscope (Fig. 9(A) ). But for chitosan-1 mM Au-50% LiClO 4 film very few crystals were observed and their sizes were ∼ 100-200 nm (Fig. 9(B) ). This indicates that retardation of crystal growth of Lithium salts happens due to Au nanoparticles.
AFM Imaging
In order to check the surface roughness of the nanocomposites, AFM was used. AFM images for chitosan films (Figs. 10(A) and (B) ) show the presence of hill like structures. The overall roughness was found to be 7.89 nm. These regions correspond to the agglomeration region seen in the FESEM. The regions (within the white circle) of the film which did not have aggregates had roughness of ∼ 2 nm. For chitosan-1 mM Au films (Figs. 10(C) and (D)), less agglomerates were observed on the surface. The overall roughness was 33 nm and the roughness of regions (within the white circle) not having large aggregates is approx 11 nm. This implies that chitosan-1 mM Au film has higher roughness than chitosan films. Figure 10 (E) shows the AFM image for chitosan-1 mM Au-50% LiClO 4 film and it is observed that the overall roughness was 91 nm and the roughness for selected area (within the white circle) was 86 nm. We therefore conclude that the chitosan-1 mM Au-50% LiClO 4 film form complexes and result in the formation of films with modified morphology as compared to that of films of chitosan and chitosan-1 mM Au films. The AFM results are in agreement with that of FESEM images. Chitosan-50% LiClO 4 film (without gold) was found to be very smooth and soft and therefore could not be scanned.
Light Scattering Measurements
In order to further understand the chitosan nanocomposite system, light scattering was used to study it in solution phase. Figure 11 (A) shows light scattering data for chitosan solution. Two distributions are observed (a) 77 ± 9 nm with 6.2% intensity and (b) 1122 ± 173 nm with 93% intensity. The particles with size 77 ± 9 nm represent undissolved chitosan aggregates (as observed in SEM) while those with sizes 1122 ± 173 nm most likely represent the networks. Since scattering is proportional to R 2 the number of large sized particles need not be more than the number of small sized particles. Therefore it is not possible to conclude from Figure 11(A) , the ratio of the chitosan aggregates to that of the large sized particles. Chitosan-50% LiClO 4 solution (Fig. 11(B) ) shows a single distribution of size 1995 ± 273 nm with 100% intensity. Interestingly, the distribution for chitosan at ∼ 78 nm was not observed. This indicates that complexes would have formed in solution due to lithium. For chitosan-1 mM Au solution (Fig. 11(C) ) two distributions are observed (a) 78 ± 33 nm with 94% intensity and (b) 4802 ± 728 nm with 5.8% intensity. Since the intensity of smaller sized particles are more than that of larger sized particle, this clearly indicates that the number of networks are lesser than the number of chitosan unit with gold nanoparticles (scattering is proportional to R 2 ). Also since the size of the network in chitosan-1 mM Au solution is greater than that of in chitosan solution, this indicates that the gold nanoparticles favor the formation of networks. Chitosan-1 mM Au-50% LiClO 4 solution (Fig. 11(D) ) shows three size distributions (a) 143 ± 67 nm with 61% intensity (b) 735 ± 286 nm with 28% intensity and (c) 4838 ± 711 nm. These results clearly indicate that complexes are formed in solution phase.
Dielectric and Conductivity Measurements
Dielectric Constant
To understand the polymer dynamics and their modifications, at room temperature conditions, dielectric measurements were done on the chitosan nanocomposite films. Figure 12(A) shows the dependence of dielectric constant upon frequency at room temperature. Dielectric constant ( ) is a measure of ability of the material for storage of charges. 33 The peaks in the dielectric spectra were broad. For chitosan film (Fig. 11A(a) ) a broad peak was observed at ∼ 1-10 Hz. For chitosan-1 mM Au film (Fig. 12A(b) ), a broad peak was observed ∼ 10 3 -10 4 Hz. There were no peaks for chitosan-50% LiClO 4 (Fig. 12A(c) ) and chitosan-1 mM Au-50% LiClO 4 ( Fig. 12A(d) ) films. The was found to increases at low frequencies. Also it was very large for lithium containing nanocomposites, indicating higher electrode polarization. 34 The values at high frequency (10 6 Hz) for chitosan film, chitosan-1 mM Au film, chitosan-50% LiClO 4 film and chitosan-1 mM Au-50% LiClO 4 film are 0.77, 2.36, 109 and 12 respectively. These results indicated that these chitosan nanocomposites have greater charge storing capacity than chitosan film. Figure 10 . AFM images of (A) Chitosan film (2D image) the overall roughness was 7.89 nm and selected area roughness is 2 nm (B) Chitosan film (3D image) (C) Chitosan-1 mM Au film (2D image) the overall roughness was 33 nm and selected areas roughness is 11 nm (D) Chitosan-1 mM Au film (3D image). (E) Chitosan-1 mM Au-50% LiClO 4 film (2D image) the overall roughness was 91 nm and selected area roughness is 86 nm (F) Chitosan-1 mM Au-50% LiClO 4 film (3D image).
Dielectric Loss
The dielectric loss ( ) is measure of energy loss in the presence of external field. In order to resolve the relaxation peaks, derivatives of dielectric loss was calculated. It was obtained using the expression 35 = − 2 ln
The calculated using (1) is shown in Figure 12 (B). Figure 12 (B) shows similar trend like however the relaxation peaks seem to be slightly better resolved. Chitosan film has two relaxation peaks R1 and R2 at ∼ 100 Hz and 1 KHz. The relaxation peak R3 for chitosan-1 mM Au film is at ∼ 10 4 Hz. No peaks were observed for Lithium containing nanocomposites.
Tan Delta
Relative lossiness of the material (Tan ) is defined as the ratio of energy lost to energy gain. The dependence of Tan as a function of frequency is shown in Figure 11 (C). The relaxation peaks are clearly visible. Chitosan Film (Fig. 11C(a) ) has three relaxation peaks at 1.1, 34 and 1000 Hz. Chitosan-1 mM Au film (Fig. 11C(b) ) has peaks at 22 and 9120 Hz. Chitosan-50% LiClO 4 (Fig. 11C(c) ) film show peak at 29302 Hz and Chitosan-1 mM Au-50% LiClO 4 film (Fig. 11C(d) ) has peaks at 34 Hz and 281564 Hz. In general, it is observed that the relaxation peaks are present at higher frequencies for the nanocomposites. Since the relaxation time ( = 1/2 f ) is the lowest for chitosan-1 mM Au-50% LiClO 4 film. These results clearly indicate that gold containing nanocomposites respond better to the applied electric field.
Electric Modulus Studies
The electric modulus provides information on the relaxation and conductivity of the materials. The electric modulus is the reciprocal of the permittivity. The electric modulus corresponds to the relaxation of the electric field in the material when the electric displacement remains constant. For a pure conduction process M would have a peak while will not have a peak. For dielectric relaxation process peaks appear at both complex electric modulus and complex dielectric. 36 The real part M ( ) and the imaginary part M ( ) of the electric modulus as a function of frequency are shown in Figures 12(D) and (E). The M for chitosan film shows peak at 929 Hz while for Chitosan-1 mM Au film (Fig. 12E(b) ), the peak was observed at 22253 Hz. This indicates that the dielectric relaxation process happens for chitosan films and chitosan-1 mM Au film. However no peaks for M were observed for Chitosan-50% LiClO 4 and Chitosan-1 mM Au-50% LiClO 4 film. Since for Lithium containing nanocomposites, no peaks for M was present, while peaks for tan were observed -this indicates that it is neither dielectric relaxation process nor pure conduction process. It also implies that there are free charge carriers in the lithium containing chitosan nanocomposites. 36 At low frequencies the M exhibit low values for lithium containing nanocomposites which is due to accumulation of charges at the electrode interface. 37 
Conductivity Studies
The variation of conductivity as a function of frequency for the chitosan nanocomposites films is shown in Figure 12 (F). The conductivity for Chitosan-1 mM Au-50% LiClO 4 film is found to be the highest among all the films for all frequencies. Table I shows the conductivities for various weight percentage of LiClO 4 in ChitosanLiClO 4 film (column A in Table I ) and Chitosan-1 mM Au-LiClO 4 film (column B in Table I ). The numbers inside the brackets (in italics) represent the ratio of the conductivity of the sample with respect to the conductivity of chitosan film (1 18 × 10 −10 S/cm). The conductivities of the samples increase with increase in Lithium concentration. Interestingly the conductivity (at 0.1 Hz) of Chitosan-1 mM Au-50% LiClO 4 film is greater than the sum of the conductivities of chitosan-1 mM Au film and chitosan-50% LiClO 4 film. These results indicate that Au solution (1 mM) was used and the FESEM images show that nanoparticles are distinctly separated, the presence of free Au ions is unlikely as all the Au ions would have got reduced to nanoparticles. Also the particles are well separated and spherical in shape. This implies that the possibility of the formation of conducting channels due to gold is less. Therefore the enhancement in the conductivity should be because of increase in the concentration of mobile lithium ions. This is supported by the FESEM and optical images (Figs. 8(A) and (B) ) that clearly show reduction in the size of the lithium crystallites due to presence of gold nanoparticles. The presence of gold leads to formation of complexes with lithium and thereby retarding the crystal growth of lithium salts during film formation. These complexes are loosely bound and liberate lithium ions. Hence the conductivity of chitosan-Au-Li nanocomposite films is greater than that of chitosan-Li films. The results are summarized using the model as under. Also the conductivity of these biodegradable films are comparable to those of the current inorganic Lithium micro batteries (10 −5 -10 −7 S/cm) 22 making these films as good candidates for Lithium micro batteries.
Model
When LiClO 4 is added to chitosan solution and dried, both mobile and immobile (crystallites) species of Lithium are formed ( Fig. 13(A) ). Only the mobile species contribute to the conductivity upon application of electric field. When HAuCl 4 is added to chitosan solution (with acetic acid), gold nanoparticles are formed upon chitosan by reduction reaction (Fig. 13(B) ). These particles are fixed to the chitosan membrane. The conductivity is increased by ∼ 50× due to the presence of gold nanoparticles as they make the paths more conducting. Inclusion of LiClO 4 to ChitosanAu nanocomposite solution results in the formation of complexes thereby retarding the formation of Lithium salt crystallites (that contribute to the immobile species) during film formation ( Fig. 13(C) ). The retardation of crystal growth of Lithium salts during drying due to the gold nanoparticles results in availability of more mobile species of Lithium and thereby there is greater conductivity in chitosan-Au-Li nanocomposite when compared to that of chitosan-Li films.
CONCLUSION
Optical and SEM studies shows that Chitosan film with lithium had more crystallites than chitosan-1 mM Au with the same amount of lithium. Upon inclusion of 1 mM HAuCl 4 the size of the crystallites were reduced from ∼ 100 m to ∼ 100-200 nm. Uniform gold nanoparticles were observed. The morphology of the films was modified due to the presence of Lithium in chitosan-Au-Li nanocomposites. Also no trace of gold was observed in the EDAX measurements indicating the formation of complexes in the presence of in chitosan-Au-Li films.
FTIR and Raman results indicate that the interaction of gold with the chitosan membrane (chitosan with acetic acid) during the formation of nanoparticles is greater than that of interaction of LiClO 4 with the chitosan membrane as some of the amide groups were more affected by Au than by LiClO 4 . AFM results show that the roughness of the films were greatest for chitosan-Au-Lithium films. Light scattering results clearly indicate that complexes are formed in solutions also. Dielectric measurement results indicated that these chitosan nanocomposites have greater charge storing capacity than chitosan film. Also, gold containing nanocomposites respond better to the applied electric field. While chitosan films and chitosan-Au films show dielectric relaxation behavior, chitosan-Au-Li nanocomposites show neither dielectric relaxation process nor pure conduction process. It also implies that there are free charge carriers in the lithium containing chitosan nanocomposites. The d.c conductivity of chitosan-AuLi film is greater than the sum of the conductivities of chitosan-Au film and chitosan-Li films. An enhancement in the conductivities is observed due to incorporation of gold in the chitosan nanocomposites. The enhancement in the conductivity was explained using a model. The conductivity of these biodegradable films is comparable to those of the current inorganic Lithium micro batteries.
